Characterization of physico-mechanical properties of indomethacin and polymers to assess their suitability for hot-melt extrusion processs as a means to manufacture solid dispersion/solution.
The objective of the study was to characterize the physical and viscoelastic properties of binary mixtures of drug and selected polymers to assess their suitability for use in the hot-melt extrusion (HME) process as a means to improve solubility by manufacturing either solid dispersion or solid solution. Indomethacin (INM) was selected as a model drug. Based on comparable solubility parameters, the selected polymers were Eudragit EPO (EPO), polyvinylpyrrolidone/vinyl acetate copolymer (PVP-VA), polyvinylpyrrolidone K30 (PVPK30), and poloxamer 188 (P188). The various drug and polymer systems were characterized for thermal and rheological properties as a function of drug concentration to provide an insight into miscibility and processibility of these systems. From the thermal analysis studies, a single T(g) was observed for the binary mixtures of INM/EPO, INM/PVP-VA, and INM/PVPK30, indicating miscibility of drug and polymer in the given ratios. In the case of mixtures of INM/P188, two melting endotherms were observed with decreasing drug melting point as a function of polymer concentration indicating partial miscibility of drug in polymer. As part of the rheological evaluation, zero rate viscosity (eta(o)) and activation energy (E(a)) was determined for the various systems using torque rheometer at varying shear rates and temperatures. The eta(o) for binary mixtures of drug and EPO, PVP-VA and PVPK30 were found to be significantly lower as compared to pure polymer, indicating disruption of the polymer structure due to miscibility of the drug. On the other hand, INM/P188 mixtures showed a higher eta(o) compared to pure polymer indicating partial miscibility of drug and polymer. With respect to E(a), the mixtures of INM/EPO showed an increase in E(a) with increasing drug concentration, suggesting antiplasticization effect of the drug. These findings corroborate the thermal analysis results showing increase T(g) for the various binary mixtures. The mixtures of INM/PVP-VA showed a decrease in the E(a) with the increasing drug concentration suggesting a plasticization effect of the drug. The understanding of thermal and rheological properties of the various drug/polymer mixtures help established the processing conditions for hotmelt extrusion (such as extrusion temperatures and motor load) as well as provided insight into the properties of the final extrudates. Using the actual hot-melt processing, a model was developed correlating the zero rate viscosity to the motor load determined by rheological evaluation.